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Numerous topical studies of the NRC, international workshops
of the CODATA, and standards development activities of the
ASTM have emphasized the critical role of reliable data in
both designing with advanced materials and devel oping new
materials. Theissuesare two fold, beginning with the need to
deduce reliable and consistent property values from diverse,
seemingly incond stent, reported values. Of equal importance
is the development of the scientific basis for a general
methodol ogy or protocol by which comparable and consistent
data eval uations may be pursued independently for other data
of special or general interest beyond our own studies.

The issues of data evaluation are being addressed
systematically in an approach that recognizes four
distinguishable considerations. Each of the four aspects has
useful, stand-aloneresults. When these individual partsare
pieced together to comprise a greater whole, theresult isthe
desired, unified methodology. The four stages of data
evaluation may be identified as: (1) data collection from
selected sources, (11) application of basic evaluation criteria,
(1) relationa analysis, and (V) moddling. Stages| and Il
produce the critical underlying database, while stages 111 and
IV establish the advanced evaluations of the data and the
general methodol ogy.

Among the central concerns of data evaluation isthe need to
understand significant differences among results reported
independently for nominally the same properties and materials.
Experience has shown that these differences are produced
principally by variationsin the compositions and
mircrostructures of the tested specimens[1,2] or by differences
in experimental procedures [3]. By focusing on relatively pure
materials, we have found for polycrystalline materialsthat the
principal microstructural effects can be resolved into
considerations of grain size and shape, density (porosity or
pore size and shape), and the chemical state of grain boundary
phases.

In aprevious study, for example, we carefully distinguished
between the influences of grain size and density on fracture
toughness [4] and discovered that the behavior of the critical
flaw size was being interpreted incorrectly. Several studiesin
the literature had reported correlated variations of fracture
strength and fracture toughness with the puzzling result that the
flaw size was constant. Our analysis however revealed that the
flaw size was not constant, but rather that its variation had been
masked by concurrent variations in grain size and dendty.

Pursuing further theinfluence of microstructure, we are
currently examining elastic moduli data for polycrystalline
ceramics. This study has the advantage of awell known result,
reconfirmed in our analysis, that the elastic moduli are not
significantly affected by variations

of thegrain size. Consequently, we are able to focus fully on
therole of density or, more conventionally, the porosity.

Previoudly studies, dating back more than half a century, had
proposed numerous empirical or semiempirical analytical
model s to describe the porosity dependence. Those efforts
ranged from using curves of known shapes to fit the data, to
selfconsistent analyses of poresimbedded in an eastic
medium. In none of those cases, however, did an analytical
expression emergein closed form from the mathematics of the
derivation. Pursuing thisgoal to obtain a better understanding
of the porosity dependence, we applied atheoretical artifice
known as an effective medium.

In the effective medium theory [5], we used the classical model
of an ionic solid as an idealized reference system in which all
the relevant mathematics could be performed. Theanalysis
then imposed a renormalization of the length metric to scale
the ideal system to the nonideal system, and the proper
retention of porosity, ¢, was used as a congstency condition.
Theresult proved to be a simple expression giving the explicit
porosity dependence of the bulk modulusin closed form asB =
Bo(1-¢)™. We have confirmed that experimental results for a
wide range of ceramicsindeed are compatible with this mode.
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